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Overview of Environmental and
Hydrogeologic Conditions at Galena, Alaska

By Allan S. Nakanishi and Joseph M. Dorava

Abstract

The remote Native village of Galena along the Yukon River in west-central Alaska has
long cold winters and short summers that affect the hydrology of the area. The Federal Avi-
ation Administration owns or operates airway support facilities in Galena and wishes to
consider the subsistence lifestyle of the residents and the quality of the current environment
when evaluating options for remediation of environmental contamination at these facilities.
Galena is located on the flood plain of the Yukon River and obtains its drinking water from
a shallow aquifer located in the thick alluvium underlying the village. Surface spills and
disposal of hazardous materials combined with annual flooding of the Yukon River may
affect the quality of the ground water. Alternative drinking-water sources are available but
at significantly greater cost than existing supplies.

INTRODUCTION

The Federal Aviation Administration (FAA) owns and (or) operates airway support, and nav-
igational facilities throughout Alaska. At many of these sites, fuels and potentially hazardous mate-
rials such as solvents, polychlorinated biphenyls, and pesticides may have been used and (or)
disposed of. To determine if environmentally hazardous materials have been spilled or disposed of
at the sites, the FAA is conducting environmental studies mandated under the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA or “Superfund Act”) and
the Resource Conservation and Recovery Act (RCRA). To complete these environmental studies,
the FAA requires information on the hydrology and geology of areas surrounding the sites. This
report is the product of a compilation, review, and summary of existing hydrologic and geologic
data by the U.S. Geological Survey, in cooperation with the FAA, for the FAA facilities and nearby
areas at Galena, Alaska. ’

BACKGROUND
Location

Galena (fig. 1) is in the western interior of Alaska at latitude 64°44'10" N., longitude
156°56'04" W., approximately 910 km west of Fairbanks. The village is within the Koyukuk Flats
(Wahrhaftig, 1965) on the north bank of the Yukon River, approximately 35 km upstream from the
mouth of the Koyukuk River. It is the largest community of this region and serves as the transpor-
tation, government, and commercial center for the western Interior (Fison and Associates, 1987).
A flood containment dike located immediately north of the old village of Galena, surrounds a
2,300-m runway, the Galena Air Force Station (AFS), and many of the FAA facilities (fig. 2).
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Figure 1. Location of Galena.
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History and Socioeconomics

Galena is in traditional Koyukon Athabaskan Indian territory. The Koyukon frequently occu-
pied large semi-permanent villages during the summers--most commonly near the primary fishing
grounds--and hunted and trapped in the fall and winter along the rivers. Galena, located near an old
fish camp site, was established in 1918 as a supply and trans-shipment point for the area lead ore
mines. Significant community growth did not begin until the early 1950°s, when the military estab-
lished Galena AFS and Campion AFS, located 23 km southeast of Galena (Fison and Associates,
1987).

Galena is divided into two townsites (fig. 1). The original site “Old Town” is located imme-
diately south of the airport. The other townsite, near Alexander Lake, is commonly referred to as
“New Town” and was established in 1971, after flooding severely damaged the original townsite.
Galena was incorporated as a first-class city in 1971. The municipal government is directed by a
city manager who administers local programs.

In October 1993, the U.S. Air Force completed the drawdown (closing) of the Galena AFS.
However, the facilities are being maintained by contractors to minimize deterioration should the
Air Force decide to reopen the station. This drawdown had a significant economic effect on the vil-
lage of Galena. Approximately 325 Air Force personnel were relocated, resulting in a population
decline of more than one-third from the 1990 population of 829 (Alaska Department of Community
and Regional Affairs, 1993). The percentage of Native population, which includes American
Indian, Eskimo, and Aleut, has increased from 45 percent to an estimated 70 percent as a result of
the station closure (Chris Hladick, Galena City Manager, oral commun., 1994). Federal, State, and
village government jobs dominate the economy, but Galena has many other jobs in air transporta-
tion and retail businesses. Strong cultural, historic, and family ties to subsistence activities make
subsistence foods a major portion of the diet for many Galena residents.

PHYSICAL SETTING
Climate

The climate of Galena is continental which characteristically has low precipitation, low
cloudiness, low humidity, light surface winds, and large annual temperature variations (Hartman
and Johnson, 1984). Freezing of the Yukon River typically occurs in October and break-up occurs
in mid-May (Fountain, 1984; Fountain and Vaughn, 1984). The mean annual temperature is
-4.4°C, but temperatures range from a July mean maximum of 19.7 °C to a January mean minimum
of about -27.6 °C. Mean annual precipitation is about 327 mm; approximately 1,537 mm of snow
falls annually (Leslie, 1989). Most rainfall occurs in July and August. Mean monthly temperature,
precipitation, and snowfall are summarized in table 1.

Vegetation

The Galena area forest consists of a closed spruce-hardwood forest along the Yukon River
(Viereck and Little, 1972). Well-drained, high relief areas contain aspen, birch and white spruce
(Elias and Vosburgh, 1946; Weber and Péwé, 1970). The flat, poorly drained terraces consist pre-
dominantly of black spruce, larch, and moss undergrowth. Poorly drained, flat-lying sloughs and
sediment-filled lakes contain moss, lichen, tufted grass, alder brush, Labrador tea and scattered wil-
lows (Elias and Vosburgh, 1946; Péwé, 1948; Weber and Péwé, 1970).
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Bedrock Geology

The broad flats surrounding Galena are bounded by hills and mountains to the south, north-
west and northeast ranging from 300 m to more than 600 m in elevation. Mueller Mountain, Bishop
Rock, and Pilot Mountain -- located 25 km east, 25 km northwest, and 20 km west of Galena,
respectively -- are the closest bedrock exposures to Galena. These outcrops have been studied for
use as potential construction sites and as sources for construction material (Elias and Vosburgh,
1946; U.S. Army Corps of Engineers, 1986). Bedrock exposures consist primarily of sedimentary,
igneous, and volcanic rocks. The sedimentary rock consists of Cretaceous age sandstone, shale,
and conglomerate. Volcanic rock of undetermined age is found in isolated exposures and consists
of basaltic to andesitic rock (Cass, 1959). Exposed metamorphic rocks of Paleozoic age consist of
schist, phyllite, slate and quartzite (Cass, 1959). The depth to bedrock at Galena is unknown. A
well at Campion AFS was drilled to 130 m without reaching bedrock.

Surficial Geology and Soils

Rieger and others (1979) classified soils in the State of Alaska, which included the Yukon
Flats area, using the Soil Classification System developed by the U.S. Soil Conservation Service.
Weber and Péwé (1970) characterized the surficial deposits and engineering properties of the soils
for the Koyukuk Flats.

Thick deposits of Quaternary sediment overlie most of the bedrock in the Galena area (Cass,
1959). These deposits consist of flood-plain alluvium and river terrace deposits. Flood plain allu-
vium is divided into organic-rich and organic-poor deposits. Organic-rich alluvial deposits consist
of well-stratified layers and lenses of silt with wood, peat, and other intermixed organic materials.
Organic-rich deposits occupy the upper layers of the flood-plain alluvium and are formed in aban-
doned channels and cutbanks of major streams. Deposit thickness ranges from 2 to 20 m and depth
to permafrost ranges from 0.3 to 0.7 m.

Organic-poor alluvial deposits consist of well-stratified layers and lenses of silt with some
sand, gravel, and minor quantities of clay and slightly organic-rich silt. These deposits occupy the
lower layers of flood-plain alluvium and are formed in the borders of major streams and in aban-
doned channels. Deposit thickness ranges from 1 to 20 m. Permafrost is probably absent or at
depths of more than 6 m near rivers, but at interlake areas, permafrost depth can be as little as 0.3
to 1 m and possibly more than 3 m under the lake basins.

Terrace deposits consist of well-stratified layers and lenses of silt, organic-rich silt, and local-
ized deposits of well-stratified fine to coarse-grained sand. Terrace deposits are found bordering the
Yukon and Koyukuk River flood plains as remnant ridges on low flat areas 10 to 60 m above the
river level or as outer margins of the lowland bordering the hills and extending up some of the
smaller stream valleys. The total deposit thickness may be more than 150 m and the depth to per-
mafrost is about 0.3 m.

The local area is underlain by a layer of discontinuous permafrost (Ferrians, 1965). Seasonal
frost commonly penetrates to a depth of about 2 m; however, ground temperatures measured near
the airport indicate that soil temperatures at a depth below about 2 m were consistently above freez-
ing continuously for more than 11 years (Aitken, 1963). Significant melting of permafrost has
occurred since the construction of the Galena AFS. A geotechnical study by Péwé (1948) showed
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that the depth to permafrost was about 2 to 3 m and was continuously present at all locations except
in areas nearest to the Yukon River. Recent geotechnical investigations at the airport facilities have
found isolated lenses of permafrost or no permafrost during a monitoring well-drilling program
(Wes Lannen, U.S. Air Force, 11th CEOS, Installation Restoration Program, Project Manager, oral
commun., 1994).

HYDROLOGY

Surface Water

The Koyukuk Flats is drained by the Koyukuk and the Yukon Rivers. The Yukon River is
Alaska’s largest river and the fifth largest river in North America in terms of drainage area and run-
off (Feulner and others, 1971). The Yukon River flows roughly from east to west and drains into
the Bering Sea about 310 km downstream from Galena. The Koyukuk River drains into the Yukon
River about 35 km west of Galena. Numerous meander scars, sloughs, and oxbow lakes indicate a
dynamic fluvial system within the Koyukuk Flats.

Surface-water bodies within a 3-km radius of the airport include the Yukon River, Alexander
Lake, and the headwaters for Bear Creek (fig. 1). Galena is on the interior and upstream section of
a meander bend on the north bank of the Yukon River and is subject to bank erosion. Riverbank
erosion at an average rate of 4.7 m/yr between 1946 to 1978 was measured by the U.S. Army Corps
of Engineers (1986) and threatens the eventual destruction of the airstrip, military facilities, FAA
facilities, and parts of the old village of Galena.

Floods

Historically, flooding near Galena occurs in mid-May during the break-up of the Yukon
River. Flood hazards in Galena are considered high by the U.S. Army Corps of Engineers (1993);
95 houses and 1 public facility are within the 100-year flood zone. The primary cause of flooding
in the Galena area is ice jams.

Ice-jam flooding occurs when river ice broken during spring thawing is transported down-
stream and its downstream movement is blocked in locations where a constriction, a sandbar, or
other obstruction such as a sharp meander bend exists (Beltaos, 1990). The blockage prevents ice
movement and restricts water flow as the ice jam builds in thickness and length. This subsequently
slows the water velocity and produces a rise in water level or backwater effect that propagates
upstream from the ice jam. When the ice jam releases, a flood wave propagates downstream.

Significant floods have been reported since 1925, when records of flooding began. In 1945,
ice-jam flooding destroyed most of the village. The flood of record is the 1971 ice-jam flood, during
which water reached depths of 2.4 m at “Old Town” and 1.9 m at the Galena airport. Most of the
town was destroyed by the flood and the new townsite was established 2.4 km to the east. Most of
the population, however, still remains in the old townsite (Ecology and Environment Inc., 1992).

Flooding at Galena not only damages structure and roads, but also causes contaminants on
the surface of the land to mobilize and move into inadequately sealed wells. Flood waters can reach
depths that are higher than the top of well casings. Even for wells that are effectively sealed, flood
water may move contaminants into previously uncontaminated areas, where they can then infiltrate
into the aquifer.
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The flood frequency table for Ruby (table 2) was obtained using the graph of discharge to
drainage area for the Yukon River developed by Jones and Fahl (1994, fig. 10). The drainage area
for the Yukon River basin upstream from Galena is about 716,800 km? (Federal Emergency Man-
agement Agency, 1983). The flood frequency curves developed by Jones and Fahl apply only to
floods generated by rainfall and snowmelt runoff and are not applicable to ice-jam floods.

Table 2. Estimated peak discharges of the Yukon River at Ruby for various
recurrence intervals

[Discharge is in cubic meters per second]

Recurrence interval

2 years 5 years 10 years 25 years 50years 100 years 500 years

18,700 23,100 25,600 28,500 30,300 32,300 36,000

Flood Protection Measures

The Air Force began construction of a flood containment dike (fig. 2) north of “Old Town”
in 1944 after the runway and camp area were inundated by an ice-jam flood during the spring. An
ice-jam flood in May 1945 overtopped the dike which was subsequently raised another 4.3 m. The
flood containment dike surrounding the Air Force Station was constructed at an elevation of
41.5 m. The Federal Emergency Management Agency (1983) considers the flood containment dike
as adequate protection from the 100-year flood.

The base flood elevation for ice-jam floods is about 40.8 m at “Old Town” and about 41.0 m
in “New Town.” Both townsites, however, are located outside of the flood containment dike (U.S.
Army Corps of Engineers, 1983, 1986, 1993).

Ground Water

Ground-water recharge to the Galena area occurs from precipitation, infiltration, and ground-
water movement from areas near the slopes of the surrounding highlands. Ground-water discharges
into local surface-water streams and sloughs which drain into the Yukon River."Ground water-
movement is influenced by impermeable lenses or layers of permafrost. The area-wide variability
in the presence of permafrost accounts for the local occurrence of sub-, intra-, and suprapermafrost
ground water (Woodward-Clyde Consultants, 1989). Previous studies on the subject of ground
water and permafrost include reports by Cederstrom and others (1953), Hopkins and others (1955),
and Williams and Waller (1963).

Alluvium is probably unfrozen beneath the bed of the Yukon River throughout its course in
Alaska and is probably frozen beneath the flood plain adjacent to the river. Frozen alluvium is prob-
ably thickest beneath sections of the flood plain and low terraces that are away from present rivers
and lakes. Most of the wells in the Yukon River villages from Canada to the Bering Sea are along
the riverbank where the warming effect of the river affects the thickness of frozen ground (Smith,
1986). Water levels, where observed in these wells, fluctuate with the stage of the river.
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Frozen alluvium forms wedge-shaped masses that are thin near the river, but thicken up to
34 m in the northern part of the Galena AFS (Péwé, 1948; Woodward-Clyde Consultants, 1989).
Suprapermafrost ground water was found at an average depth of 6 m in a site contamination study
by Woodward-Clyde Consultants (1989). Subpermafrost ground water confined beneath the frozen
ground rises to a static level between 6 to 12 m below the ground surface. Campion AFS, on a high
terrace 23 km east of Galena, is supplied by wells drilled though frozen silt, clay, and sand to depths
of 123 to 129 m where they reached unfrozen water-bearing gravel (Williams, 1970). Water con-
fined beneath the frozen ground rose approximately 46 m above the base of the permafrost in these
wells (Williams, 1970).

Ground-Water and Surface-Water Interaction

The variations in river stage and ground-water elevations at Galena will generally follow the
pattern of the discharge hydrograph for the Yukon River at Ruby (fig. 3). Continuous streamflow
records are not available for the Yukon River at Galena; however, the mean daily discharge record
for the period 1956-78 is available for the Yukon River at Ruby located about 80 km upstream from
Galena (U.S. Geological Survey, 1957-79). The stream-gaging station at Ruby has a record of dis-
charge representing approximately 671,000 km? of drainage area (Federal Emergency Manage-
ment Agency, 1983). The Ruby gaging station represents about 94 percent of the Yukon River
drainage basin upstream from Galena.

16,000 T T T T T T T T T T T
14000-
12,000
10,000
8,000
6,000
4,000

2,000

DISCHARGE, IN CUBIC METERS PER SECOND

DATE

Figure 3. Mean daily discharge for the Yukon River at Ruby, water years 1966-76.
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Adjacent to the river, shallow ground-water flows into and out of the riverbanks depending
on the elevation of water in the river relative to the water table. Seasonally, the discharge of the
river will fluctuate from a maximum in late May or early June to a minimum in late April or early
May (fig. 3). The river also rises during late-summer rainstorms. The water table generally rises
and falls in response to these river fluctuations and is attenuated with distance from the river. This
flow of water into and out of the aquifer in response to changing stage of the river is termed “bank
storage effects” (Linsley and others, 1982). Bank storage effects have not been studied at Galena.
Because the airport, FAA facilities and village utilities are adjacent to the river, bank storage effects
could have a significant influence on the movement and extent of contamination.

Simulation of Ground-Water Movement

A mathematical ground-water model approximates the directions and rates of water move-
ment through an aquifer system. Partial-differential equations thought to represent the physical
processes of ground-water flow are solved by the model and require that the hydraulic properties
and boundaries be defined for the modeled area. The aquifer system was overlain by a grid, which
was extended in the third dimension to form blocks or “cells.” The cells form rows, columns, and
layers. Each cell in the model grid represents a block of permeable material within which the
hydraulic properties are assumed to be uniform. Any specific cell may be referenced by citing its
row, column, and layer location. The limits of the modeled area were selected to include or nearly
coincide with natural flow boundaries. The “boundary surface” of the flow region corresponds to
identifiable hydrogeologic features at which some characteristic of ground-water flow can be
described. For the conceptual model, these features could be a drainage divide, a river bank, or arti-
ficially induced (depending on the modelled area). In cases where there is no apparent natural flow
boundaries, such as in an open flood plain, the model grid was extended far enough away from the
area of study so the error created from the artificial boundary is minimized.

Ground-water flow in the Galena area was simulated using a computer program, MODFLOW
(McDonald and Harbaugh, 1988), as a simple steady-state conceptual model. Under steady-state
conditions, the recharge to the system is equal to the discharge from the system, no water is derived
from storage, and there is no change in head with time. Output from MODFLOW was graphically
presented using METAZ, a contouring program specifically designed for MODFLOW and
developed by S.A. Leake and R.T. Hanson (U.S. Geological Survey, written commun., 1993).
The conceptual model requires that the hydraulic head at the aquifer boundaries is known, all
recharge and discharge is assumed to occur at the river, flow is horizontal, and the aquifer materials
are homogeneous and isotropic. The data, assumptions, justifications, and data sources used in the
model packages are summarized in appendix 1. An example output file of the model is shown in
appendix 2. The purpose of undergoing a mathematical ground-water simulation was to identify
hydrologic features that may have a significant influence on the ground-water flow direction in the
Galena area. Two ground-water flow simulations were used to identify features having the greatest
influence on ground-water flow direction.

The westward-flowing Yukon River is an important factor in establishing the general west-
ward direction of ground-water flow. The hydraulic gradient of the aquifer is strongly influenced
by the surface-water gradient of the Yukon River which was measured by the U.S. Army Corps of
Engineers (1983). The hydraulic continuity of the unconsolidated alluvium away from the river
will have a profound influence on the directions of ground-water flow. If the permafrost in the area
is discontinuous, the unconsolidated alluvium will behave like an aquifer. If it is continuous, the
unconsolidated alluvium will act as a confining layer.
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The first simulation is based on the assumption that permafrost north of Galena is continuous
and blocks northward ground-water flow. The thawed alluvium near the Yukon River was simu-
lated as a narrow, strip aquifer running parallel to the Yukon River. The strip aquifer was estimated
to be approximately 500 m in width along the north bank of the Yukon River. This aquifer width
was extended to about 800 m at cleared sites in the vicinity of Galena to reflect the thawing condi-
tions of vegetation-free areas. Under steady-state conditions and assuming the conditions stated
above, the simulated ground-water flow direction at Galena is generally towards the west-south-
west (fig. 4), parallel to the river.

A second simulation was based on the assumption that the permafrost near Galena is not a
barrier to ground-water flow north of the Yukon River. In this simulation, Bear Creek (fig. 1), a
northward flowing stream system located immediately north of Galena, gains water from the shal-
low aquifer and may have a significant influence on ground-water flow directions at Galena. In the
absence of permafrost, the influence of the Bear Creek drainages on ground-water flow depends
primarily on the vertical hydraulic conductance of its streambed. Higher streambed conductances
permit greater quantities of water to flow between the aquifer and the stream.

Two model runs were performed simulating the Bear Creek drainage with low and high
streambed conductances. The model simulation of low streambed conductance shows that ground
water at Galena remains flowing generally in a southwestward direction, towards the Yukon River
(fig. 5). The model simulation of high streambed conductance shows that ground water at Galena
now flows in a westward to northwestward direction, towards the Bear Creek drainage (fig. 6). The
simulations of low and high streambed conductance show that ground-water flow can be influ-
enced, up to a 90 degree difference in direction, by altering the model input of the hydraulic prop-
erties of Bear Creek. Stream property information such as discharge, depth, stage, bed thickness,
bed slope, and permafrost conditions are needed to refine the definition of the effects of the Bear
Creek drainage on the ground-water flow in the Galena area. These shallow ground-water models,
however, define the constraints in possible flow direction.

Three model simulations, each using different assumptions of the continuity of the perma-
frost and streambed conductance (figs. 4, 5, and 6), illustrate the importance of field investigations
to identify the role of permafrost and the hydraulic connection between Bear Creek and the aquifer.
Without field data, flow directions can not be ascertained exactly, but can only be described gener-
ally on the basis of assumed boundary conditions.

DRINKING WATER
Present Drinking Water Supplies

Residents of Galena obtain their drinking water from wells (U.S. Army Corps of Engineers,
1987), which are owned by the military, the municipal government, and other institutions. The
Galena AFS obtained its water supplies from two 60-m deep wells constructed into the alluvium
near the banks of the Yukon River. A U.S. Army Corps of Engineers report (appendix 3) describes
an early contaminant rehabilitation study on one of the two primary wells used by the Air Force.
The two wells provided a domestic water supply for approximately 300 personnel at the Air Force
station. The water wells at the airport have been found to contain petroleum and chlorinated sol-
vents (Woodward-Clyde Consultants, 1989). As a result of this contamination, two wells serving
the air passenger terminals have been abandoned.

DRINKING WATER 11
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Figure 4. Simulated water-table contours and estimated flow direction of shallow ground water
with continuous permafrost effects in the Galena area.
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Figure 5. Simulated water-table contours and estimated flow direction of shallow ground water
with no permafrost effects and low streambed conductance in the Galena area.
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The village of Galena operates its own municipal water system. Drinking water is obtained
from a 47-m drilled well with a 15.2-cm diameter steel casing. The water is pumped from the well
to the water-treatment facility and then stored in a 98,400-L wood stave storage tank (Fison and
Associates, 1987). Water is distributed to a central watering point (washeteria) and by a pipe sys-
tem primarily to the newer homes in the area.

Quality of Present Supplies

Williams (1970) characterized the water quality of ground water in permafrost regions. Per-
mafrost may have a strong influence on the water quality in the area. Water found above the per-
mafrost (suprapermafrost water) is generally unpotable unless treated extensively. Usually found
within 1 to 8 m of the surface, it commonly has a high mineral and (or) organic content and is sus-
ceptible to surface contamination. The quantity of water from this source is often low and unreli-
able. Water found below permafrost (subpermafrost water) is generally deficient in dissolved
oxygen. As aresult, high concentrations of some minerals are present, such as iron and manganese,
which are soluble under these conditions. Subpermafrost ground water is commonly hard and occa-
sionally contains dissolved organic substances (Williams, 1970).

Sporadic records on the water quality in the Galena area are available from the U.S. Public
Health Service for the periods 1977-78 (appendix 4), from the USGS for the periods 1959-70
(appendix 5), and from the U.S. Army Corps of Engineers for 1963 (appendix 6). Analysis of
untreated samples taken from various locations in Galena indicated an average silica content of
31 mg/L, an average hardness as CaCO3 of 214 mg/L, and an average iron content of 2.2 mg/L.
Silica and hardness may create scale in plumbing and boilers but are of little health concern to most
users. The average iron content for Galena wells is higher than the 0.30 mg/L secondary maximum
contaminant level regulations set by the USEPA (1993) for drinking water. A high iron content,
however, does not prohibit this water from being used for drinking.

Alternative Drinking Water Sources

Information on alternative drinking-water sources in the Galena area is needed in order to
plan actions that would be taken if the present drinking-water source became contaminated. Alter-
native sources might be a nearby surface-water source or aquifers that are separated from the
present water-supply aquifer by a tight confining layer. The aquifer system at Galena has not been
mapped in sufficient detail to define individual aquifers and confining layers. It is possible that mul-
tiple aquifers exist, separated by a permafrost confining layer. The areal continuity of the perma-
frost is uncertain, however, as is its role in inhibiting movement of ground water and possibly
contaminants to the subpermafrost aquifer.

According to Elias and Vosburgh (1946), Alexander Lake (fig. 1), located near “New Town,”
could be a perennial supply of water. Other surface-water bodies in the Galena area, such as ponds
and sloughs, may not be viable alternatives to ground water as a drinking-water source. If the water
body is too shallow, it could potentially freeze completely in the winter. The U.S. Army Corps of
Engineers has performed a feasibility study for an infiltration gallery at the Galena AFS (appendix
6). To date, however, infiltration galleries have not been utilized at Galena. The Yukon River is a
possible water source for Galena, but the cost of water treatment is significant. Flowing ice during
freeze-up and break-up periods may damage or destroy water intake structures (Smith, 1986). The
Yukon River represents a nearly inexhaustible supply of water for the village of Galena. The esti-
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mated water use for Galena is about 60,900 L/d. Mean annual flow of the Yukon River at Galena
is about 4,600 m3/s (U.S. Geological Survey, 1957-76). This discharge is more than 6.5 x 10 times
the water usage in the village of Galena and more than 360 times the quantity of water used in the
entire State of Alaska in 1990 (Solley and others, 1993).

Quality of Alternative Sources

Alexander Lake may be a continuous source of water; however, no records of water quality
data are available. Water quality of shallow arctic lakes in winter may decline as impurities such
as salts and soluble inorganics become concentrated in the water under the ice (Smith, 1986).

The water quality of the Yukon River varies with the season and is generally better in the
winter and than in the summer. Water from the Yukon River in winter is usually clear and concen-
trations of sediment are reduced. The high sediment concentrations in the Yukon River during the
summer, however, would require treatment. Operation, development, and maintenance expenses
would be high compared to those of existing supplies.

Water quality measured on the Yukon River at the Ruby gaging station is probably similar to
the water quality at Galena. Analysis of water sample data for the period of record for the Yukon
River at the Ruby station shows that iron content is typically below 0.30 mg/L, but a peak of
1.86 mg/L was recorded on July 9, 1967 (appendix 7). Maximum and minimum sediment concen-
trations of 867 mg/L and 2 mg/L correlate with high and low river flow conditions (appendix 7).

SUMMARY

Galena serves as the transportation, government, and commercial center for the western Inte-
rior of Alaska and depends on the airport or the river for transportation. The subsistence lifestyle
of the Native residents makes them dependent upon a sustainable environment. Frequent ice-jam
flooding is hazardous to residents and their property. The ground-water flow is strongly influenced
by the Yukon River and the continuity of permafrost in the area. The Yukon River could be an alter-
native drinking water supply, but may not be economical to develop and water intakes may be sus-
ceptible to damage from river ice flow. Local lakes that are deep enough not to freeze completely
may also provide alternative sources of drinking water.
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APPENDIX 1

Data, assumptions, justifications, and data sources used in the MODFLOW packages

APPENDIX A-1

/9



Ground-water flow at Galena, Alaska - Modflow Notes

BAS Package

Packages Used: BAS, BCF, OC, PCG2, RCH, RIV, STR

- STR package not used in the Continuous permafrost model
Single-layer model

Grid size: 35 columns x 40 rows

IBOUND:

Continuous perfrost model run:

- cells south of RIV nodes set at no-flow (0)

- cells three to four cells north of RIV nodes set at no-flow (0)
- all other cells set at variable head (1)

No permafrost, low stream conductivity run:

- cells south of RIV nodes set at no-flow (0)

- all other cells set at variable head (1)

No permafrost, high stream conductivity run:

- cells south of RIV nodes set at no-flow (0)

- all other cells set at variable head (1)

Anisotropy: 1.00

BCF Package

Layer thickness: 200 ft (-80 ft below MSL)

DELR: 1056 ft (0.2 mile)

DELC: 1056 ft

Hydraulic Conductivity (K) along columns and rows: 80 ft/day

RCH Package

Net annual recharge (recharge minus evapotranspiraton): 0.2300E-03 ft/day (1 inch/year)

RIV Package

River Reaches: 57

Slope of Bottom Elevation was obtained from U.S. Amy Corps of Engineers (COE) (1981).
River Stage was estimated from USGS Nulato C-2, C-3, D-2, and D-3, 1:63,360 scale maps
River profile was extended by above and below the original COE (1981) survey

River Conductance: 0.3300E+08 ft2/day (K = 4.0E-02 cm/s), estimated

Reach Length (L): 1056 ft, unit cell size

Reach Width (W): 1056, unit cell size

Reach riverbed depth (D): 3 ft, estimated

Conductivity Equation: (LW/D)K

River Stage Height estimated to be 49 ft higher than bottom elevation, COE (1981)
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STR Package

Stream modelled was Bear Creek, known locally as Crow Creek.

Assumed to be northward flowing

Assumed that upper reaches are affected by Yukon River stage height
Number of stream Reaches: 77

Number of stream Segments: 5

Streambed Conductance:

- low streambed conductance model value: 1.5E02 ft2/day

- high steambed conductance model value: 1.5E03 ftz/day

Reach Length (L): 1056 ft, unit cell size

Reach Width (W): 50, estimated

Reach streambed depth (D):1 ft, estimated

Conductivity Equation: (LW/D)K

Stream slope: 0.00008

- estimated from USGS Nulato C-2, C-3, D-2, and D-3, 1:63,360 scale maps
Stream bed thickness: 0.5 ft, estimated

Stream bed bottom elevation: 0.5 {t below streambed top elevation, estimated
Streambed top elevation: 4 {t below stream stage, estimated

Stream stage: estimated from USGS Nulato C-2, C-3, D-2, and D-3, 1:63,360 scale maps
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APPENDIX 2

Example output file of the U.S. Geological Survey

Modular Finite-Difference Ground-Water Model
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U.S. GEOLOGICAL SURVEY MODULAR FINITE-DIFFERENCE GROUND-WATER MODEL

TWO DIMENSIONAL MODEL OF GROUND-WATER FLOW AT GALENA 1 layer, 40 rows, 35 columns, 0.2 mile grid
1 LAYERS 40 ROWS 35 COLUMNS
1 STRESS PERIOD(S) IN SIMULATION

MODEL TIME UNIT IS DAYS

1/0 UNITS:
ELEMENT OF IUNIT: 1 2 3 4 S 6 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 24
I/ouvNIT: 31 0 ©034 © O 038 0 0 04239 0 0 O0 035 0 0 0 O 0 O

BAS1 -- BASIC MODEL PACKAGE, VERSION 1, $/1/87 INPUT READ FROM UNIT S
ARRAYS RHS AND BUFF WILL SHARE MEMORY.
START HEAD WILL BE SAVED

12679 ELEMENTS IN X ARRAY ARE USED BY BAS

12679 ELEMENTS OF X ARRAY USED OUT OF 350000

BCF2 -~ BLOCK-CENTERED FLOW PACKAGE, VERSION 2, 7/1/91 INPUT READ FROM UNIT 31
STEADY-STATE SIMULATION
CELL-BY-CELL FLOWS WILL BE RECORDED ON UNIT 21 -
HEAD AT CELLS THAT CONVERT TO DRY= 0.00000£+00
WETTING CAPABILITY IS NOT ACTIVE
LAYER AQUIFER TYPE

2801 ELEMENTS IN X ARRAY ARE USED BY BCF
15480 ELEMENTS OF X ARRAY USED OUT OF 350000

RCH1 -- RECHARGE PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 38
OPTION 1 -- RECHARGE TO TOP LAYER
CELL-BY-CELL FLOW TERMS WILL BE RECORDED ON UNIT 21

1400 ELEMENTS OF X ARRAY USED FOR RECHARGE

16880 ELEMENTS OF X ARRAY USED OUT OF 350000

RIV1 -- RIVER PACKAGE, VERSION 1, $/1/87 INPUT READ FROM UNIT 34
MAXIMUM OF 57 RIVER NODES
CELL-BY-CELL FLOWS WILL BE RECORDED ON UNIT 21
342 ELEMENTS IN X ARRAY ARE USED FOR RIVERS
17222 ELEMENTS OF X ARRAY USED OUT OF 350000

PCG2 -- CONJUGATE GRADIENT SOLUTION PACKAGE, VERSION 2, 5/1/88
MAXIMUM OF 50 CALLS OF SOLUTION ROUTINE
MAXIMUM OF 10 INTERMAL ITERATIONS PER CALL TO SOLUTION ROUTINE
MATRIX PRECONDITIONING TYPE : 1

9600 ELEMENTS IN X ARRAY ARE USED BY PCG

26822 ELEMENTS OF X ARRAY USED OUT OF 3506000

STRM -- STREAM PACKAGE, VERSION 2, 12/18/90 INPUT READ FROM UNIT 35S
MAXIMUM OF 77 STREAM MNODES

NUMBER OF STREAM SEGMENTS IS S
NUMBER OF STREAM TRIBUTARIES IS 2
STREAM STAGES WILL BE CALCULATED USING A CONSTANT OF*tt«*teere
1257 ELEMENTS IN X ARRAY ARE USED FOR STREAMS
28079 ELEMENTS OF X ARRAY USED OUT OF 350000
TWO DIMENSIONAL MODEL OF GROUND-WATER FLOW AT GALENA 1 layer, 40 rows, 35 columns, 0.2 mile grid

.
’

BOUNDARY ARRAY FOR LAYER 1 WILL BE READ ON UNIT 61 USING FORMAT: ({3SI2}

1 2 3 4 S 6 7 8 9 10
11 12 13 14 15 16 17 i8 13 20
21 22 23 24 25 26 27 28 29 30
31 32 33 34 35
1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1
2 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
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19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34
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121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0
121.0
121.0

121.0
121.0

121.0
121.0
123.2

121.0
121.0
121.0
123.2

121.0
121.0
121.0
123.2

121.0
121.0
121.0
123.2

121.0
121.0
121.0
123.2

121.0
121.0
121.0
123.2

121.0
121.0
121.0
123.2

121.0
121.0
121.0
123.2

121.0
121.0
121.0
123.2

121.0
121.0
121.0
123.2

121.0
121.0
121.0
123.2

121.0
121.0
121.0
123.2

121.0
121.0
121.0
123.2

121.0
121.0
121.0
123.2

121.0
121.0
121.0
123.2

121.0
121.0
121.0
123.2

121.0
121.0

121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.¢0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.¢0

26

121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121..0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0

121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0

121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
t21.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0

121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
121.0

121.0
121.0
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121.0

121.0

121.0

HEAD PRINT FORMAT IS FORMAT NUMBER

HEADS WILL BE SAVED ON UNIT 20

121.0

123.2

3 DRAWDOWN PRINT FORMAT IS FORMAT NUMBER 3

DRAWDOWNS WILL BE SAVED ON UNIT O

OUTPUT CONTROL IS SPECIFIED EVERY TIME STEP

1056.0
1056.0
1056.0
1056.0

1056.0
1056.0
1056.0
1056.0

1056.
1056.
1056.
1056.

1056.
1056.
1056.
1056.

57 RIVER REACHES

o o o0

o O o o

1056.
1056.
1056.
1056.

1056.
1056.
1056.
1056.

oo oo

o o oo

1056.0
1056.0
1056.0
1056.0

1056.0
1056.0
1056 .0
1056.0

MAXIMUM NUMBER OF CALLS TO PCG ROUTINE
MAXIMUM ITERATIONS PER CALL TO PCG
MATRIX PRECONDITIONING TYPE

COLUMN TO ROW ANISOTROPY =

1.000000

DELR WILL BE READ ON UNIT 31 USING FORMAT:

1056.0
1056.0
1056.0
1056.0

1056.0
1056.0
1056.0

1056.0
1056.0
1056.0

DELC WILL BE READ OW UNIT 31 USING FORMAT:

1056.0
1056.0
1056.0
1056.0

1056.0
1056.0
1056.0
1056.0

HYD. COND. ALONG ROWS =

BOTTOM

1056.0
1056.0
1056 .0
1056.0

80.00000

-80.00000

(10F5.0})

1056.0
1056.0
1056.0

(10F5.0)

1056.0
1056.0
1056.0
1056.0

FOR LAYER

FOR LAYER

SOLUTION BY THE CONJUGATE-GRADIENT METHOD

"

[

RELAXATION FACTOR (ONLY USED WITH PRECOND. TYPE 1) =

PARAMETER OF POLYMOMIAL PRECOND. = 2 (2) OR IS CALCULATED
HEAD CHANGE CRITERION FOR CLOSURE

PCG HEAD AND RESIDUAL CHANGE PRINTOUT INTERVAL
PRINTING FROM SOLVER IS LIMITED(l} OR SUPPRESSED (>1}

"

RESIDUAL CHAMNGE CRITERION FOR CLOSURE =

STRESS PERIOD NO. 1,

NUMBER OF TIME STEPS =

MULTIPLIER FOR DELT =

INITIAL TIME STEP SIZE =

RECHA

BOTTOM ELEVATION

"

[

50

10

1
0.10000E+01

0
0.10000E-01
0.10000E-01

1

0

LENGTH = 1.000000

1.000

1.000000

RGE =

0.2300000E-03

RIVER REACH

P o o R e e

N oo N NN AW N -

0.3300E+08
0.3300E+08
0.3300E+08
0.3300E4+08
0.3300E+08
0.3300E+08
0.3300E+08
0.3300E+08
0.3300E+08
0.3300E+08
0.3300E+08
0.3300E+08

WD NN A W -

-
N o~ o

1

1

3
1056.0 1056.0
1056.0 1056.0
1056.0 1056.0

3
1056.0 1056.0
1056.0 1056.0
1056.0 1056.0
1056.0 1056.0
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O I I T S S e e I e i e et e I e e S

el o o SR R
VO NWA VO A

N WAV NN

[N

NN A A A DA DS A LSS AD DB A DAAAAASSdA sl AWwWWWWWNNNNNNNNNNNN

SEGMENT
NUMBER

I O
O WO NNV SE W~ O W

O NNV A WN =AWV A W N

NN NN NN NN o e e et gt e
@ N VNS WN = O WDV A W N = O WY

REACH
NUMBER

0.0000E+00
0.0000E+00
0.0000E+0CO
0.0000E+00
0.0000E+00
0.0000E+00
0.G000E+CO
0.C000E+00
0.0000E+00
0.0G000E+C0
0.0000E+00
0.0000E+00
-1.000

G.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.000CE+00
0.0000E+00
0.00C0E+00C
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.C000E+0D
0.0000E+00
0.C0COE«CO
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
-1.000

0.0000E+00

STREAM
WIDTH

122.8
122.8
122.7
122.6
122.5
122.4
122.3
122.2
122.2
122.1
122.0
121.9
121.9
121.8
121.7
121.7
121.6
121.5
123.8
123.7
123.6
123.5
123.4
123.3
123.3
123.2
123.1
123.0
122.9
122.8
122.8
122.7
122.6
122.5
122.4
122.3
122.2
122.2
122.1
122.0
121.9
121.8
121.7
121.7
121.6
121.5
121.5
121 .4

150
150
150
150
150
150
150
150
150
150
150
150
150
150.
150.
150.
150.
150.
150
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150
150.
150.
150.
150.
150.
150.
150.
150.

OO0 0000000000000 DOOOOCO0O0OCOO0O0O0O0O0DO OO0 DO0O0DOCOOO0O0 OO O OO

118.3
118.3
118.2
118.1
118.0
117.9
117.8
117.7
117.7
117.6
117.5
117.4
117.4
117.3
117.2
117.2
117.1
117.0
119.3
119.2
119.1
119.0
118.9
118.8
118.8
118.7
118.6
118.5
118.4
118.3
118.3
118.2
118.1
118.0
117.9
117.8
117.7
117.7
117.6
117.5
117.4
117.3
117.2
117.2
117.1
117.0
117.0
116.9

118.8
118.8
118.7
118.6
118.5
118.4
118.3
118.2
118.2
118.1
118.0
117.9
117.9
117.8
117.7
117.7
117.6
117.5
119.8
119.7
119.6
118.5
119.4
119.3
119.3
119.2
119.1
119.0
118.9
118.8
118.8
118.7
118.6
118.5
118.4
118.3
118.2
118.2
118.1
118.0
117.9
117.8
117.7
117.7
117.6
117.5
117.5
117.5

O S T T T e e i R e

WOOR N NN NN R b rt bt b b b s b bt b s kb e ke ke b e e b b

@ N AN B W e

0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800F-0¢
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04
0.7800E-04

27

0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-D1
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
0.3000E-01
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RESIDUAL LAYER,ROW, COL

RESIDUAL LAYER, ROW,COL

LAYER, ROW,COL

-0.4273E4+06 (
~0.1408E4+05 (
-1742. (
-282.9 (
-23.89 (
-6.653 (
-1.536 (
-0.3154 (
-0.9569E-01 (
~0.1676E-01 (

HEAD/DRAWDOWN PRINTOUT FLAG = 1

~0.1604E+06
7197.
~783.1
-125.7
-17.60
-5.754
-0.9108
~-0.1945
-0.5782E-01 (
-0.1023E-01 (

TOTAL BUDGET PRINTOUT

OUTPUT FLAGS FOR ALL LAYERS ARE THE SAME:
HEAD DRAWDOWN HEAD DRAWDOWN
SAVE

PRINTOUT PRINTOUT

- COMSTANT HEAD"
"FLOW RIGHT FACE *
“FLOW FRONT FACE *
- RECHARGE"
- RIVER LEAKAGE*®

LAYER

O T . I I e e o el o

SAVE

1

0

. 22,

BUDGET VALUES WILL BE SAVED ON UNIT 21

BUDGET VALUES

WILL BE SAVED ON UNIT 21

BUDGET VALUES WILL BE SAVED ON UNIT 21
BUDGET VALUES WILL BE SAVED ON UNIT 21
BUDGET VALUES WILL BE SAVED ON UNMIT 21

ROW

10

N W s NN N DY

NN
o .

COLUMN STREAM
NUMBER

—
v a o

® O N NN D ® W

NN N R e e e e e e e e e
SNV AN A WNRN - WV

T T I T i I e e I
A DA AAOAAARNRD NN ADR NN ® O
A AW WW W WW NN NN RNRNNUNNNNNRNNDNDNDNN e e e e e e e b b e s e e e e

w
w

REACH
NUMBER

© NV A W N

I T e
CLUB® VIOV AWN- O D

21

[
"]

20

N AN e W N e

RESIDUAL LAYER, ROW, COL RESIDUAL
32) ~0.8923E+05 ( 1, 34, 32) -0.4170E4+05
34) -4161. 1, 2,33 -2912.

35) -677.4 ( 1, 34, 35) -527.2
35) -54.63 ( 1. 34, 35) -27.04
33) -12.29 (1, 35, 33) -7.435
33) -4.123 ( 1, 34, 32) -2.546
33) -0.6851 (1, 11, 7) -0.4910
7) -0.1807 1, 11, 7 -0.1503
6) -0.3386E-01 ( 1, 22, 6) -0.2240E-01
6) ~0.5468E-02 ( 1, 11, 7) ~0.4930E-02
FLAG = 0 CELL-BY-CELL FLOW TERM FLAG =21

AT
AT
AT
AT

END OF TIME STEP 1, STRESS PERIOD 1
END OF TIME STEP 1, STRESS PERIOD 1
END OF TIME STEP 1, STRESS PERIOD 1
END OF TIME STEP 1, STRESS PERIOD 1
EMD OF TIME STEP 1, STRESS PERIOD 1
FLOW INTO FLOW INTO FLOW OUT OF
STREAM REACH AQUIFER STREAM REACH
0.000E+00 -408. 408.
408. -424. 833.
833. -414. 0.125E404
0.125E+404 -430. 0.16BE+04
0.168E¢04 -405. 0.20BE+04
0.208E+04¢ -419. 0.250E+04
0.250E+04¢ -406. 0.291E+04
0.291E+04 -414. 0.332E+04
0.332E+04 -418. 0.374E+04
0.374E+04 ~-451. 0.419E+04
0.419E+04 -437. 0.463E+04
0.463E+04 -481. 0.S511E+04
0.511E+04 -532. 0.564E+04
0.S564E+04 ~-582. 0.622E+04
0.622E+04 -626. 0.685E+04
0.685F.+04 -642. 0.749E404
0.749E+04 -688. 0.818E+04
0.818E+04 -716. 0.889E+04
0.889E+04 -754. 0.965E+04
0.965E+04 -792. 0.104E+05
0.104E+05 ~808. 0.112E+05
0.000E+00 -614. 614.
614. -639. 0.125E+04
0.125E404 -651. 0.190E+04
0.190E+04 -660. T 0.256E+04
0.256E+04 -668. 0.323E¢04
0.323E+04 -674. 0.391E+04
0.391E+04 -676. 0.458E404
0.458E+04 -675. 0.526E+404
0.526E+04 -691.- . 0.595E+04
0.595E+04 -693. 0.664E+04 °
0.664E+04 -686. 0.733E+04
0.733E404 -702. 0.B03E+«04
0.803E+¢04 -694. 0.872E+04
0.872E+04 -708. 0.943E+04
0.943E+04 -722. 0.102E+05
0.102E+05 -738. 0.109E+05
0.109E+05 ~763. 0.117£405
0.117E+05 -777. 0.124E405
0.124E+05 -791. 0.132E+05
0.132E+05 -807. 0.140E+05
0.253E+05 -803. 0.261E+0S
0.261E+05 -848. 0.269E405
0.269E+05 -864. 0.278£+05
0.278E4+05 -865. 0.287E405
0.287E+05 ©  -880. 0.295E4+05
0.295E+05 -912. 0.304E+05
0.000E+00 -705. 705.
705. -726. 0.143E+04

28

1, 22, 6)
1, 11, 7}

HEAD IN

119.60
119.51
119.41
119.31
119.32
119.22
119.12
119.02
118.92
118.82
118.83
118.73
118.63
118.53
118.43
118.34
118.24
118.24
118.14
118.04
117.95
119.51
119.41
119.31
119.32
119.22
11912
119.03
118.93
118.83
118.83
118.73
118.64
118.54
118.44
118.34
118.24
118.25
118.15
118.05
117.95
117.98
117.88
117.78
117.78
117.68
117.58
119.81
119.71
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12

13

14

15

16

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

999.0
123.3
125.0

999.0
123.3
125.0

999.0
123.3
124.9

9938.0
123.3
124.9

999.0
123.3
124.8

995.0
123.3
124.7

99%.0
123.3
124.6

999.0
123.3
124.6

999.0
123.3
124.5

999.0
123.3
124.4

999.0
123.2
124.4

8399.0
123.2
124.3

999.0
123.2
124.2

999.0
123.1
124.1

999.0
123.1
124.0

999.0

123.0
123.9

999.0
122.9
123.8

999.0
122.9
123.6

9938.0
122.8
123.5

999.0
122.7
123.3

999.0

999.0
123.5
125.1

999.0
123.5
125.0

999.0
123.5
125.0

999.0
123.5
124.9

899.0
123.5
124.8

999.0
123.4
124.8

989.0
123 .4
124.7

999.0
123.4
124.6

999.0
123.4
124.5

99%.0
123.4
124.5

9359.0
123.4
124 .4

999.0
123.3
124.3

999.0
123.3
124.2

999.0
123.2
124.1

899.0
123.2
124.0

999.0
123.1
123.9

999.0
123.0
123.8

999.0
122.9
123.7

9938.0
122.8
123.5

999.0
122.7
123.4

999.0

999.0
123.7
125.1

9938.0
123.7
125.1

999.0
123.7
125.0

999.0
123.6
124.9

999.0
123.6
124.9

121.3
123.6
124.8

121.4
123.6
124.7

999.0
123.5
124.6

999.0
123.5
124.6

999.0
123.5
124.5

999.0
123.5
124.4

999.0
123.4
124.3

999.0
123.4
124.3

999.0
123.3
124.2

999.0
123.2
124.1

999.0
123.2
123.9

99%.0
123.1
123.8

9939.0
123.0
123.7

999.0
122.9
123.6

999.0
122.8
123.4

999.0

999.0
123.8
125.1

899.¢0
123.8
125.1

999.0
123.8
125.0

993.0
123.8
125.0

121.3
123.8
124.9

121.4
123.7
124.8

121.4
123.7
124.7

121.4
123.7
124.7

121.5
123.6
124.6

999.0
123.6
124.5

99%.0
123.5
124.4

9%99.0
123.5
124 .4

999.0
123.5
124.3

999.0
123.4
124.2

999.0
123.3
124.1

999.0
123.2
124.0

999.0
123.2
123.8

9389.0
123.1
123.7

999.0
122.9
123.6

999.0
122.8
123.5

989.0

999.0
124.0
125.1

989.0
124.0
125.1

999.0
123.9
125.0

121.3
123.9
125.0

121.4
123.9
124.9

121.5
123.9
124.8

121.5
123.8
124.8

121.6
123.8
124.7

121.6
123.7
124.6

121.5
123.7
124.5

99%.0
123.6
124.4

999.0
123.6
124 .4

999.0
123.5

999.0
122.9
123.5

999.0

999.0
124.1

121.2
124.1

121.2
124.1

121.4
124.0

121.5
124.90

J121.6
124.0

121.7
123.9

121.7
123.9

121.7
123.8

121.6
123.8

121.5
123.7

121.6
123.7

121.6
123.6

899.0
123.5

999.0
123.5

999.0
123.4

9389.0
123.3

121.8
123.2

121.8
123.0

121.9
122.9

999.0

121.2
124.2

121.4
124.2

121.5
124.2

121.6
124.1

121.7
124.1

121.8
124.1

121.8
124.0

121.9
124.0

121.8
123.9

121.8
123.9

121.8
123.8

121.8
123.7

121.8
123.7

121.7
123.6

121.7
123.5

121.7
123.4

121.8
123.3

121.9
123.2

121.9
123.1

121.9
122.9

121.9

121.6
124.3

121.7
124.3

121.7
124.3

121.8
124.2

121.9
124.2

122.0
124.2

122.0
124.1

122.0
124.1

122.0
124.0

122.0
124.0

122.0
123.9

122.0
123.8

122.0
123.8

121.9
123.7

121.9
123.6

122.0
123 .4

122.0
123.2

122.0
123.1

122.0
122.9

122.0

29

121.9
124.4

121.9
124.4

122.0
124.3

122.1
124.3

122.1
124.3

122.2
124.2

122.2
124.2

122.2
124.1

122.2
124.1

122.2
124.0

122.2
124.0

122.2
123.9

122.1
123.8

122.1
123.7

122.1
123.7

122.1
123.5

122.1
123 .4

122.1
123.3

122.1
123.1

122.1
123.0

122.1

122.2
124.5

122.2
124.5

122.2
124.4

122.3
124.4

122.3
124.3

122.3
124.3

122.4
124.2

122.4
124.2

122.4
124.2

122.4
124.1

122.3
123.9

122.3
123.8

122.3
123.7

122.3
123.6

122.3
123.5

122.3
123.3

122.3
123.2

122.2
123.0

122.2

122.4
124.6

122.4
124.6

122.4
124.6

122.5
124.5

122.5
124.4

122.5
124.4

122.5
124.3

122.6
124.3

122.6
124.2

122.5
124.2

122.5
1241

122.5
124.0

122.5
124.0

122.5
123.9

122.5
123.8

122.4
123.7

122.4
123.5

122.4
123.4

122.4
123.2

122.3
123.1

122.3

122.6
124.7

122.6
124.7

122.7
124.6

122.7
124.6

122.7
124.5

122.7
124.5

122.7
124.4

122.7
124.3

122.7
124.3

122.7
124.2

122.7
124.2

122.7
124.1

122.7
124.0

122.6
123.9

122.6
123.8

122.6
123.7

122.5
123.6

122.5
123.4

122.5
123.3

122.4
123.1

122.3

122.8 123.0 123.2
124.8 124.9 125.0
122.8 123.¢ 123.2
124.8 124.9 124.9
122.8 123.0 123.2
124.7 124.8 124.9
122.9 123.0 123.2
124.7 124.7 124.8
122.9 123.0 123.2
124.6 124.7 124 .7
122.9 123.0 123.2
124.5 124.6 124.7
122.9 123.0 123.2
124.5 124.5 124.6
122.9 123.0 123.2
124.4 124.5 124.5
122.9 123.0 123.2
124 .4 124 .4 124.5
122.9 123.0 123.1
124.3 124 .4 124.4
122.8 123.0 123.1
124.2 124.3 124.3
122.8 123.0 12101
124.2 124.2 124.3
122.8 122.9 123.1
124.1 124.1 124.2
122.8 122.9 123.0
124.0 124.0 124.1
122.7 122.9 123.0
123.9 123.9 124.0
122.7 122.8 122.9
123,8 123.8 123.8
122.7 122.8 122.9
123.6 123.7 123.7
122.6 122.7 122.8
123.5 123.5 123.6
122.6 122.6 122.7
123.3 123.4 123.4
122.5 122.6 122.6
123.1 123.2 123.3
122.4 122.5 122.5
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REPORT ON REHABILITATION OF
WELL NO. 1 - WATER SUPPLY WELL
- GALENA AP

1. REFERENCE:
Directive No. NPD-2, Job No. Galena AP-64-MRA & MC-AF, dated
25 July 1963.

2. SCOPE OF REPORT :

This report covers the rghabilitation and subsequent testing of
Well No. 1 at Galena AP. Well No. 1 had not been in use for several years,
because of & reported but unproved contamination by petroleum products,
with the result that the base water supply system was completely dependent
on.oné well (Well No. 2 ;éfﬁidé‘i$7é;hﬁhé ;aﬁef'tréétment b;{iaihé). .iﬂ )
order to eliminate this dependence on a single well, it was decided to
rehabilitate and reactivate Well No. 1. Rehabilitation of the well was
authorized as set forth in Par. 1 above, aﬁd the rehabilitation work was

performed by personnel of the Foundations and Materials Branch, USAED Alaska.

3. DESCRIPTION OF WELL:

Well No. 1 is located at coordinates N 101,575; E 98,265, with
an original ground elevation of approximately 120 ft MSL. The well is
in the southeast corner of a lean-to structure on the eésc side of the
fire station, the F.F. elevation of the lean-to being within a_few
inches of the original ground elevation. Access to the well is attained
through a hatch in the roof ofvthe lean~to. The well was drilled in 19@4A
under the direction of the CAA (now FAA), and was cased throughout its

entire depth with 6-inch diameter casing. The total depth of the well was

i




‘yield of the well was sufficiently high and the degree of contamination

iy ég
ot

. : i
reported to be 210 ft, and the old CAA records indicate that a well %g&g

b Resotelotd

screen was scheduled for installation at the bottom of the well. No

records could be found pertaining to the extent of development of the well, ‘: .
but the well was reported to have been test-pumped at a rate of 13 gpm with

a drawdown of 0.8 ft. At the time the rehabilitation work was started

the well was equipped with a Jacuzzi jet pump, type 75-T-44M, serial

No. 50290, with a 7.5 HP electric motor (220 V, 3 phase,.1800 REM). This

pump had been installed in the well at some time prior to 1954. The elec-

tric wires to the pump installation had been removed at some time in the
past, and there was no way of activating the pump motor without extending
new electric lines to the well location.

"4, PRELIMINARY PUMPING TEST:

The Alaska Air Command had requested that rehabilitation of the
well commence by performing a 72-hour pumping test with the old Jacuzzi

jet pump, in order to determine the extent of fuel-oil contamination, 1if

any, of the water in the aquifer zone, and to determine if the specific : é

sufficiently low to render feasible any further efforts at rehabilitationm.
Therefore, an electric power line was extended to the well, the pump

activated,: and.a pumping test was made. Pumping was started at 10:00 a.m,

7 Jﬁhé 1963 and continued steadily for 70 hours until 8:00 a.m. 10 June ‘ 4 (o

1963. Pumping was carried on at a rate of 46 gpm, the maximum production 4Cpﬂrq-
/\/- . i

rate of which the Jacuzzi pump was capable, and the drawdown at this rate
was found to be about 3 feet. Details of the pumping test are set forth
in Table 1. The pumping rate was determined- by collecting the discharge

water in a container of known capacity and measuring the length of time




i

required to £ill the container. Water levels were determined by means of
an electric water lefel indicator. The discharge water was found at the
beginning of the pumping test to be free of any fuel o0il contamination, and
no trace of any petroleum product appeared in the discharge water.at any
time during the test.. Three water samples were collected during the course
of the pumping test and were analyzed in the laboratory for total solids

and for total iron content. Details of these chemical tests are set forth

below:
Sample No. ‘ Total Solids Total Xron, as Fe
1, at start of pump test 776 ppm . " 140.0 ppm
2, after 24 hr pumping 298 ppm 4.40 ppm
3, after 30 hr pumping 212 épm | | 4.68 ppﬁ

The high initial values for total solids and total iron are a reflection of
the fact that the water column in the unused well was standing essentially
stagnant for a number of years. ?hree water samples were collected during
the pumping test by the Base Medical Technician and were tested for
bacteriological contamination, the first sample being collected immediately
at the beginning oé the pumping test. The rather limited tests performed
by the Base Medical Technician were negative, indicating that the well
water was free from harmful bacteria. The pumping test demonstrated that
the water was uncontaminated, that it was essentially the same in total
solids and irom content as the water from Well No. 2, the current base
supply well, and that the specific yield of the well was sufficiently high
to justify a complete rebabilitation of the well and installation of a

larger pump.




5. REHABILITATION OF WELL:

| The Jacuzzi jet pump was removed from the well through the hatch
in the roof 17 and 18 July 1963, and the well was explored for foreign
objects. It was evident from the results of the preliminary pumping test
that little or no sand had collected at the bottom of the well. Nuts,
bolts, and miscelLaneous small items of hardware, sufficient to fill a small
sack, were removed from the bottom of the well 19 July 1963, together with
a number of large pebbles. No significant amount of sand was found. No
screen was encountered in the well, and the bottom of the casing was found
by measuremént to be 205 ft below the lean-to floor. The casing was
R.%sqggppgd with strong detergent throughoqt ;tg entire depth; in scrubbing
the bottom portion of the casing there was some indication that the lower=-
most 8 ft of the casing might be perforated. Seven and a half pounds of
dry chlorine were introduced into the well and allowed to stand overnight.
On 20 July 1963 the chlorine solution was bailed from the well, the well
~was surged and bailed vigoréusly, and the casing was swabbed, until only
insignificant amounts of sand, rust, and scale could be extracted from the
well. The total amount of material removed from the well was small in
bulk, and the cleaning and developing of the well was considered‘to be’
complete. After completion of development, the static water level was
measured at 8.6 ft below the lean-to floor level. On 20-22 July 1963 a
Myers 5 HP submersible pump (60 cycle, 3 phase, 220 volt) was placed in
the well as a permanent installation, the water intake being set at a
depth of 76 ft below the top of the casing. An air line for a permanent
air-pressure drawdown gauge was installed at the same time, the lower end

of the air line being set at 73 £t below the top of the casing.

&
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6. DESCRIPTION OF FINAL TESTS:

The Myers submersible pﬁmp installed in the well was used in
making the final pumping test. Pﬁmping was begun at 1:30 p.m. 24 July.
1963 and continued steadily for nineteen hours until 8:30 a.m. 25 July 1963,
at which time the pumping test was considered complete and the pumping
was stopped. Pumping was carried on at a rate of 130 gpm. The pumping
rate was determined by collecting the discharge water in a container of
known capacity and measuring the lenéth of time required to fill tﬂe con=
tainer. Water levels were determined by means of the installed air line
and a pressure gauge. Just before pumping was stopped, a water sample Qas

obtained for chemical analysis.

o

7. RESULTS OF TESTS:

The static watér level- was determined to be 8f0 ft below the
floor level immediately before pumping started. The drawdown level at the
130 gpm pumping rate assumed a depth of 18.6 ft below the floor level a few

~moments after pumping had been started, and remained stable at that depth
for the duration of the pumping test. Upon stopping the pump, the water
level returned to static level immediately. A drawdown curve for the well,
based on both the final pumping test and the preliminary pumpingwtest, is
shown on Chart 1. The water sample c&llected at the end of the pumping
test for chemical analysis was tested in the laboratory, and the details of
the chemical analysis aée shown on Table 2. The discharge water cleared
almost immediately after pumping started, and remained clear throught the:
duration of the pumping test.

8. CONCLUSIONS:

The tests show that the water from the well was not contaminated

by either petroleum produéts or bacteria, and that the rehabilitated well

i
!
&
i
!
i
Lo
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will produce potable water at a rate of 130 gpm with a drawdown of approxi-
mately 10 ft. The well is an excellent producer, and has the capability

to produce water considerably in excess of the chpacity of the Myers sub-
mersible pump installed as a permanent pump. This well is able to meet

by itself the demands on the base water supply system. The water has an
iron content only slightly less than that of the water from the well which

currently furnishes the base water supply, and the same type of water

treatment for iron is applicable to the water from both wells.




TABLE 1

TEST DATA
PRELIMINARY PUMPING TEST
WELL-NO.-\1 -= -6=-INCH -DIA, WATER SUPPLY WELL
GALENA AP

Gal per Min Depth in Ft to .
Date & Time Pumped Water Level Remarks

7 June 63 - 1000 0 5.3 Static water level - started
pumping at 46 gpm rate; discharge
water momentarily greenish color,
, clearing rapidly, no sand.

( : - 1001 46 7.3 Discharge water clearing. Collected

- water sample for determination of
total solids and iron content.
Collected water sample for bacterio~
logical testing.

1100 - 46 =&w: 7.3 %7 .Discharge water clear.: S
1200 46 7.5 ' : ' o
1300 46 7.8
1400 46 7.5 Collected water sample for bacterio-
: logical testing. !
1500 46 7.5 '
1800 46 7.6
2000 46 7.5
2100 46 7.8
8 June 63 - 0600 - 46 7.8

€g§ 0700 _ 46 7.9

o 0800 46 8.0
0900 46 8.3
1000 46 8.4 Collected water sample for determin-

‘ : ation of total solids and iron
content. Collected water sample
for bacteriological testing.

1100 46 8.2
1200 46 - 8.3
1300 46 8.2
1400 46 . 8.2
1500 46 8.3 .
1600 46 . 8.3 Collected water sample for chemical

. analysis.

10 June 63 -- 0800~ 46 Not measured Stopped pumping = pump test complete.




REPORT ON WATER
. TABLE 2

e teme 2 . e o0 T e

CONTRACT NO. Di- Exp ’ S REPORT DATE: 28 Aug 63
DE IAB FILE No. 198-63 : : SUBMITTERS SAMPLE N0,

RN

SOURCE: Galena AFS. Fire Station Well, Sampled after 19 hours of pumping at a rate of
130 gpm. Sampled 0830 hrs 25 July 63, Permanent Water Well No. 1.
SAMPLE & LABEL: ' :

REQUEST: Water Analysis
TEST RESULTS:

pH - e e e w e o e e e e s s e e e e e 6.92

i
Conductivity - - - &8027°C_ _ _ o _ _ _ .o - Bl mnog g%%
HRik
Total 8011d8 = = = = = = = =« o« o o o e - = 283 ppm fh ®
{_ Calcium, as Qa B L e 59 ppm
Magnesium, as Mg = - - - - - ‘- - e e = e e - L ppn |
Sodium & Potassium, as Na - - - - - - - - Lmaem e 0.65 ppm -
Total Iron, as Fa = = = = = = = = = = = = = 5,0 ppm
Organic Iron, as Fe - - = = e ppm
Manganese, as Mn = - = - - - - = - - - - - | -——-—— . ppm
Silica, as S0y = = = = = = = == ‘= = = = - = 40.0  ppm
Suifate, as S0, = = = - - - - = = = = - = = - 0.4  ppm : .
Chloride, 88 CL = = o= = = = = = = = = = = =« 1.0 ppm
Nitrate, as NO3 = = = = = = - « = = =« =« - =« : 7.0 ppm
Alkalinity, Methyl Orange, as Ca003 - - - - - - =-- 226 ppm . ‘
Alkalinity, Phenolphthalein, as CaCOy - - - -l - - 00 ppm : ‘
Total hardness, as CaCO3‘— - e e - - e e e - 226 " ppm : !
Carbonate hardness, as CaC03 = = = = = = = = = = 226 ppm .
Non-Carbonate hardness, as CaCO3 - - - - - - - - - o ppm
Fres Carbon Dioxide, as 002..- A R L T—/TT™™"™" ppm
Free Oxygen, 88 Op = = = = = - « = —————— ppm

REMARKS: S V,,ZQf,\
I V. M. KiOPPE

Chief, Teating Soction R
NPA FORM » . e
AUG 1961 43 (One-Time)




CHART /

0. Static W.L, varies with stages of Yukon River, approx. 2000 ft. from well,

<" Reported 1954 o o
DRAWDOWN CURVE
WELL 0./
GALENA AP

Measured
7-8 June 635"

w. L.
£3

. . M )
T I S Y BT N T T B T R R R a
o Rl RETh
4
i

B&ELOW STATI/IC
()
1

8, B f‘ ¢
! : >
H ' - FRPEY
H ! [
i - i ‘i"“. . .
- ] 'r
+ '_
.? l
, 'l [
l

H . -
1 :’I‘:

/0] o :'_‘7.4. 1 o i-; ';.:,Measurcd

PEPLPTH ¥ FT

Z‘f‘ZfJu/y‘.? _5""
| g
2 - o L -
- B - o

LB T

o 25 50 7% 100 125
PUMPING . RATE - GPM

“.'v.
Ty

el




APPENDIX 4

Selected well drillers’ logs, aquifer test data,
and ground-water quality data for Galena

from U.S. Public Health Service village files

4 / APPENDIX A4



WELL LOG

U.S. PUBLIC HEALTH SERVICE, DIVISION OF INDIAN HEALTH

LOCATION Gf/; £ //u Lo GogFoie ,ff_ DATE STARTED 3/] /}/
DATE COMPLETED '7/ /7 // 7 DI/ILLER / ‘

TOTAL DEPTH OF wrm. / 7: ?/Fr CASING INSTALLED, 7/ // DIAMETER <& N

/(~(

GROUT ///~. ey screey size 7 30O wre Id, 7 P LLNC’I’H /

STATIC WATER LEVIL _4/ () s, PUMPEDQ# e :,7_/9 cPM. DrawbOWN /2 FT

% - [ ] DATE 255;}1- T0 FORMATION DRILLER
i O =35 | Sluck

H '5 $-57 {A/\ (

25 ||\ ek , 5S-&S | Saad tgenile

i o || sead 657 5 | Tmndtgunde froges
: B B A 75-//% /714 e Fraa

L (G S | Syt C et 175717 | T ) ,
|95 || BtonfFast | T VI TIF R AL Ferl]

-//5 /Zz./;o/?? _ﬁ’a}.

Z “///4'7:/ (,;’AJ

7

/
HZO Srainfess

To&v e l\ {((‘tcN

7/%0/4/2(‘

7 =
[ L,//;’n,,,‘ ci;/’/A:' <

S

F~— SPECIAL NOTES:

z sl O0- 75

42



LOCATION

U.S. PUSLIC :

GALEMNA, ALASKA

VELL LOG

DTALTH SLRVICLT, DIVISICIH OF INDIAN HEALTH

DATL STARTED 6-18-74

DATE COMPLLTED /—2-74

TOTAL DEPTH OF WELL 147

GrouT

X

STATIC WATER

N

DRILLLT Grinder
FT. CASING INSTALLED 142 DIACTER 6"
SCRIEN s1zi 40 MFG LLNCTH 5"
Leve 20 Ft upg. puippn 36 ¢ 28  epM. DPAWDOW 100 FT,
DEPTI
DATE F20if - TO FORMATION DRILLLR
6-~19-74 0 30 | Mud Grinder
6-20-74 |- 30 50 | Sand -
6-21-74 50 ;75 Sand
6-22-74 | 75 85 | Sand and
o Gravel, 85
! . End of Frost

6-22-74 85 95 | sand
6-23-74 95 100 | sand
6-24-74 | 100 110 | Sand Gravel
6-25-74 {110 120 | Sand
6-26-74 | 120 125 | Sand
6-27-74 | 125 130 { Sand

147" - Botronl 6728774 |130 135 |sand

of Screen 6-29-74 135 140 Sand

J

SPECIAL XOTES:

End of frost 85 Ft water level 20 Ft from around

Pump Set 143

level screen set from 142' to 147°'.




R RIS PPN 3 — s~
5 HAVSTE o= rmes e
AT o AN o 3 -7 ALTRT -—
Aicw MESTY, STETTL QTSECER - -
e e A = e fimnm e, .
1
CrFIOT OF DLW IRanTN TAL RIALTH -

2. C. AO¥ 7-743
ANCLORAGT, AKX $9513

~n wrav. - _ 4/
» G5 LOCATION: Ll well TR a7l Ahvandln  tafe s

. _-f ‘-_‘F&f ‘.SIS -.‘: .’“'”"L. FO.T:" E T i d

Al aloeria’ <r . * ¢ - v A
»CTED BV '/L"’/? éf’/’.r[_,_o,-’ nATE 7/&_’[74} RCUR:
- WATER SYSTEM s
Well Tvpe_ Dplfeat Cepch /477 Gallons per winute_ 7
.. Surface Water: Temporary / /  Permarent /[ _/
-Number of iiomes Served:
Treatmenc: [/ f Yes gz N New or Lxisting Source ,g/eJ,,;
PURPOSE OF AMALYSIS
4 1. Uater Approvzl for n uilding Permit. ) - (Column 1)
/2. Routine Analysis., (Column 1 & 2)
f 3. Special: Chack Specific I\.cms for Analysis . (Columns 1,2,3)
COLMY 1 COLLMN 2 COLRT 3

Aralysis Limits

3 Anzl. Limit Analvsis Limits

(Fey 496 1 a3 i Magnesium } 125 !} Sodjum (¥a) § o uan R
sride (O CA7 i 1.5 E i {(Me) P30 _4‘ 5 potassiww &\')‘_ Vo ..,_-.;
sride (C1) 7 i 250 Calcium ‘ 300 | Sulfate I ; H
(P24) 105 gooa| | (Ca) L f(snﬂ) i 0S50
- i d]% {an o N iiew 1 pralt = e rss T ; 1

svhate ¢ 33 poor ;Tu.Lu.hl._\ P a0 Sulfite : [
al ilarcduess g ! 50 soft, Lolor i S 15 | 5:%(S0%) g : S.(‘/:’
_ : -/;7 :3300 hard‘ :azcaroonate ,gogé N1 t;zat:: on«g : ; 10 :
Sreents : 2 ) iy (I’_c03) QZQA}‘ 500 Suspended ! H :
: ! 6.5 { i poor | | Solids { | !
L ' ) « 8.5 haruonute | O 350 | Arseaic (As} ! 6.0
“eific 1‘ e Alkalinity ( s97 [ 350 | Copper (Cu) . 1.G
‘j’;ductan;e H kL) i’ﬁ)tal Dis~- . iCyanide (Ca) ! 0.ﬂ§
S 1jessT, . ‘solved 57,41 500 | {Phenols N.o0
? .,/"/ / iISolids ol / Zinc (Zn) = - 5.0
' ‘ . Barium (La) I '1.a¢
RMENTS: - Cadmium (Cd) | i 6.03
L.ead Fb) i 0.03
Silver (An) i 0.065
~ Mercury (Iir) i 0.09
- Manganese (Ma) i 0.05
] i i
{ i ;
{ i ' !

STRUCTIONS: ) . .
A / e
Rinse container several times in water source to be sampled. ¢, ,(. & U,(..-g:.’,-,

Fublic Fealcn Laboratory

Plsce can on sarpic container firmly. SRO, !ledical Arts Bldg.
: : ’ Pouch J
Flace sawple in carton msiler, and forwzrd to: - Juneau, AK 499801

Haculirces Spec’irll Container /E \ -



oject No.

AYULL LK LEDSYL rJ.LLD DATA SHEET

cacion ot merr oty Dok Mm oo

Project Name

Page_ / of<

Well # 7" 5‘7‘: |

pth of We1]4/§€7:?ft. Length of Cablné)s;ngt. Pumped Well / Observation Well
ettt

ft. Top of Casing to Static Leve:

- Observation Well, Dist.

te Drilling Completed

to Pumped Well

38”7

Driller ﬁOQZQ% ) Date Tested /0 '7’?5

1

|

cck |Elapsed Time Depth to grawég;g Clock é{;psed Time bepth to grawdow:
me |Since Pumping Water ’ Time |{Since Pumping [iater —or—
IStarted/Stopped |[From TOC |Recovery Started/Stoppedffrom TOC | Recover:
1 25" Gf 1 36" Y
2 26 G 2 34!
3 277 3 3 CENEY
4 27 1l 4 S 9
] 5 2% (F 5 2 6
6 2% 1] 6 e
L 7 2% 101 7
8 2% 11T 8
9 35{1 3.1 9
10 29 & 10
1 31 5] 1
12 37 91 12
r 15 4’ -S1 15
20 40’ ° 20°
25 ]’ 25 /
30 i R 30
40 <> 40
50° <§*" 50
60 N (M 60
80 YnJ)Y 80
100 il 1Y 100
140 C, ] | 140
. 180 (3 hrs.)| () 180 (3 hrs.)
i 240 (4 hrs.) | 240 (4 hrs.)
i 300 Ky Lo | 45 s e 390
; 260 360
g 420 420
b 480 h 480
i 540 540
i 600 600
650 45) 660
i

720

\‘

4
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AQUIFER TEST FIELD DATA SHEET 1 Page &% of ™

ject Ho. ' Project Name Well 4 7 6\7(

ation of Well Mm M&T)JL 'STQ/QL/& <+ o/

th of Well/(/,)/ft. Length of Cas.\.ng/ slft. Pumped Well [/ Gbservatxon Well

—

Observation Well, Dist. to Pumped Well - ft. Top of Casing to Static Leve)

e Drilling Completed ' Driller /0 ,'/%Q/yy\) Date Tested )0 /T
ck {Elapsed Time Depth to graw—dg:g Clock|{Elapsed Time Depth to grawdowf
e ISince Pumping Water "—or’" ||[Tire |Since Pumping [fater —or—
. Started/Stopped |[From TOC |Recovery Started/StoppediFrom TOC | Recovery
1 203" 1 53 4
% 2 21 q" 2 ST
- 3 23 S 3 20" &
4 ?)Q{_l »-)t/ 4 Q\Ci' ,7“
] g 3§87 9¢ 5 A1 S
6 30 s 23 [
7 G G 7 29!
8 26" 10° 8
] 9 AL 9
10 2 (o 10
- 11 L ?u | . 1
12 YA 12
15 G0’ SY i5
20 qit 5" . 20°
25 a4t s ) 25 /
30 AT INAETEES [
40 | ™\ 40
50 )‘Eﬁlr 50
60 R 60
80 \ oV 80
100 u ] gl 100
140 7 1V 140
; 180 (3 hrs.)| YV | 180 (3 frs.)
240 (4 hrs.)| | (7 ' 240 (4 hrs.)
; 300 300
™ 360 . 360
i 420 ; 420
{ 430 480
0 540 - 540
B 500 6C0
K 550 /(46 €60 i
i 790 { v/ H -




Page N of ..

;|
Well # />"C51:7€!

AYULreER TEST FIELD DATA SHEET

-03°ct No, Project Name <:g{k91AA/Q
scation of Well M M‘mﬁ‘m, 2220\

Well

=pth of ft. Length of Ca51ng ft. Pumped Well / Observation Well

34 Q%

{ Observation Well, Dist. to Punped Well ft. Top of Casing to Static Leve:

rte Drilling Completed

Date Tested

Driller lezé%fgﬁhj

1 C‘ 7 7 e ;/

;cck%Elapsed Time Depth to g”a”?gg: Clock]|Elapsed Time lepth to grawdoui
.me }Since Pumping Water i " |ITime |Since Pumping -ﬁater —Tr—"
Started/Stopped |[From TOC |Recovery Started/Stoppecifrom TOC | Recover:'
_ ‘ : E;(Q/I‘f . :3(+lé2ﬂ
| 2 2
| 3 A 3
l 4 N 4
) 5 iﬁJ’ 5
; 6 Y 6
i ‘ 7 \\ YDJ. 7
8 N\ 3
9 O\ 9
[ 10 \ 10
) 1 \ 1
! 12 3 12
T 15 15
| 20 76 20°
25 25 [
30 A 3 ¥ /
40 - 40
j 50 50
60 I " 60 o
20 80 I
100 100
140 140
T 180 (3 fhrs.) | 180 (3 'hrs.)
: 240 (4 hrs.) | 240 (4 hrs.)
: 300 ; 300
i 360 360
“_g 420 420
i 480 I 480
! 540 540
! 600 , \ 600
. 660 ,/1¢b737 650
i 790 T ann




eey M e aaaN  mdses ki LAedsdd LIV L A DUILLEA '-‘ yYage 7 [ Y

' ject No. B Project Name Q{}\D\mﬁd Well # 2'5"7/7_‘
ation of Well _\ L/\/Y}’\AO)M/QJK u\rd\g\() (@/ZEM‘3

th of Well /"‘I‘7ft Length of Casxng ft. Pumped Well / Observation Well

Ib//é

Observation Well, Dist. to Pumped Well ft. Top of Casing to Sf'atl(_ Leve
e Drilling Completed . Driller Date Tested/&'@"?‘
ck |[Elapsed Time Depth to giaZ@;:‘ Clock|Elapsed Time Depth to grawdourf
e 3Since Pumping Weter Time {Since Pumping flater —Tr
tarted/Stopped |From TOC {Recovery Started/StoppedfFrom TOC |Recover
: 37 G 1 24 3T
- 2 37 (O] 2 347 5
3 3
4 4
) 5 5
6 6
. 7 7
T 8 8
: > 5
- 10 10
1 11
_ 12 12
15 d JA 15
20 N\ P 20
25 25 i
30 n T30
40 M 40
50 A4 50
- 60 D | 60
80 o Y 80
100 ' 100
140 f 140
180 (3 hrs.) 180 (3 hrs.)
i 240 (4 hrs.) 240 (4 hrs.)
§ 300 I 300
} 360 | 360
; 420 i 420
K 480 480
] 540 : 540
:‘ 600 P 600

660 ' 4 4?{3 660

i 720

k£aial






[ e gy

N -

4

¥
y 4

’ o

e

-

y 4

RN O

B LT ey




WELL LOG

U.S. PUBLIC HEALTH SERVICE, DIVISION OF INDIAN HEALTH

LOCATION DATE STARTED
DATE COMPLETED DRILLER %L ﬂéﬁﬁb
' J
TOTAL DEPTH OF WELL_________ FT. CASING INSTA7LLED DIAMETER
GROUT SCREEN SIZE : MFG, LENGTH__ %
STATIC WATER LEVEL 3.2’ HRS. PUMPED __/ 2 @ _.3¢c GPM DRAWDOWN 3 FT.
HOLE DIAMETER
DEPTH CASING DIAMETER
FORMATION
SOIL DATA TO 15 FT.
FEET THAWED
BOTTOM OF FROST & MATERIAL
: ( SEASONAL OR PERMA FROST
. . / .
(A7 o INATER . EVEL 32
y i , WATER DATA FIELD TEST
Mﬁmg_ eyal AL 20 £PM | TASTE
APPEARANCE  FRESH
; AFTER 24 HOURS
‘ IRON
CHLORIDES,
TDS
/
w2 Se] AT 75
M e — S |
/ /
PUMP TEST 32 - STATIC LEVEL
PUMPING LEVEL _ %0 e___ 30 _ gpm
AFTER _/ 2 HRs.
HIGHEST RECOMMENDED PUMP RATE
”~
00 0F Caresp o, WILL STATIG LEVEL CHANGE WITH
7 7] Lat 4 TIDES 7 __ORFROST__ALW

Peltort oF Uralf /50 g/ QCREEN Has 27 Send o Bollcm

DEVELOP PROCEDURE

ESTIMATED MAN HOURS FOR DRILLING HOURS FOR TOTAL JOB

CREW

1)



PO T TRCTPY PRV § 95 ot H VRO W U RS £ § SRR T SR AN A M-
T BFFICE OF ERVIZGHNENTAL KEALTH R
... 7 P.0. 30X 7-74] : ~ ;
.0 ANCHORAGE, ALASKA 99510 | Date:_ O4=11-77

- e ., . o~y
. . o s -U\J’ ‘-
Kame of Villace: Ga/«;«« ] Neme of Source: /)r IS i "u: % S\/m.»’a r
Saroling Site: )/ YT Clig o = . " Collected Py: CT‘ r'w: /‘ /

L 4

©F .. - WATER SOURCE (circle one:) -

'.'9.1\ Spring, Lake, River, Creek, Ditch, S1cucn.0uh

. Sa-mplc Descripticn: PRaw, rewed Other: {Cescribe

o . o PURPOSE 0F A‘I,Ln B ff{-‘} WE
o }- HY

£ . Ya ater Approval for Building Permit. B l‘{“"PR 201377 . .
/. 2. Poutine Analysis. S (Colu. rs T & 2)
' ' . : - BRANCH- 07 pusLC i

N4 3. Special: Circle Specific Items fer Analysisy iA3: zenropieg{Columns 1, 2, 2}

L ‘y
‘ CoLUSN 1 : cott 2z Lo e WD coLe 3
_Limits Anal.  Limit Analvsis Lim<s-

fivon TFe) | ! 0.3 lfzcnesimm o5 1 Redium (ea) e
Chiuaride (i) S @ | 1.5 L(,“.c\ Potassiuvm (4)

“nlgride (L)_) i 25¢ raicium 300 (pzitace ; :

(FC4) i-05 ccocif (Ca) , =0.) ‘ 222

Jhomnhatn 30 coorlTursidizy | 5 {iSeivite ; '

jictel rarcness 50 soviiloior i 15 'm(:@.i) : N
4 300 harciiZicartcnate 25 ppiTrate Lica: B

i?eter‘f.':"“CS S, (H‘:O:S ' good usooenged ‘

, . 6.5 500 1Snnd" ! _
2 S.5 ooor (rsenic (As; 1, -
- Specitic Carbonats | | 250 |Loocer (o}

Zonductance | GTkaiinity | 350 |ivanice (Ln) ¢ ”
- {i’otai Dis- £RENCIS | ;
- , olved 500 {ldinc {in; i -

feed L{/ﬂ//?? - Eolids gariun (Sat -
] - - " Lacnium (lc) !
i

. . iead (Fo)
Cormants: ] Silver (:q) "
' - Yorcury (g) ¢ C.
T ) fr2 7 glanaensse (Mrgg .
. . L g {
e e = e T N - -
. Instructions: i - SO SN e e

3. Rinse container several tires in water scurce to te sampled.

Lod
et

T Pire ean o saenle contatnen SieTy, (52) PN vealth Feharadary



Water Analysis(Facility)

P.O.BOX 4-1276
ANCHORAGE,ALASKA 99509

ANALYTICAL REPORT

Alaska Area Native Health Service

CHEMICAL & GEOLOGICAL LABORATORIES OF ALASKA, INC.

TELEPHONE (907) 279- 4014

4649 BUSINESS PARK BLVD,

Date Collected: June 3, 1977

Source of Sample:

Physical Observations, Remarks:

Time Collected:

By: Bill Hubbard

treated water, Galena, Alaska.

(] mg/1
(] mg/1
(] mg/1
(1. mg/1
(] mg/1
KX 41 mg/1
(] mg/1
(] mg/1
(] mg/1
(] mg/1
£3 0.3 mg/1
(] mg/1
(] mg/1
) ¢! 9.9 mg/]
(] mg/1
(] mg/1
(1 mg/1
-[] mg/1
(] mg/1
0 mg/1
(] mg/1
(] mg/1

Aluminum
Arsenic
Barium

Boron
Cadmium
Calcium
Copper
Chromium-Total
Chromium-Tri
Chromium-Hex
Iron-Total
Iron-Dissolved
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Sodium
Silver

62

Zinc

(]
bR
(]
(]
(]
(]
(]
(]
t]
(]
]
(]
(]
(]
(]
(]
(]
(]
(]
(]
(1
(]

mmhos

7.0 units

mg/1

mg/1

mg/1

mg/1

mg/1

mg/1

mg/1

mg/1

mg/1

mg/1

mg/1

mq/1

mg/1

mg/1

mg/1

mg/1

mg/1

mg/1

mg/1

JTU

Conductivity
pH

Ammonia
Nitrogen-N
Kjedahl
Nitrogen-N
Organic
Nitrogen-N
Nitrate(N)

Nitrite(N)

Phosphorus
(Ortho)-P
Phosphorus
(Total)-pP
Chloride

13
X3
(]
(]
(]
t]
(]
(]
(]
(]

143 mg/1

190 mg/1

mg/1

mg/1

/100m]

/100m1

/100m1

units

Hardness as
€aco
Alka?inity as
CaC03
Acidity-T as
CBCOB

Acidity Free
as CaC03
Coliform-T

Coliform-F
Strep-F

Color

Fluoride
Cyanide
Sulfate

Phenol

Transported by:

Received by:

Transported by:
Received by:

MBSA

BOD

cap

TD Solids
TV Solids
Suspended

Solids
SV Solids

Turbidity

Lab#

6015

FOR LAB USE ONLY

Rec'd by:

Date sample rec'd: June 9, 1977

Date analysis completed: 6-13-77

Date results reported:

Signed: K/‘/LO/(,;,(/\K/{ ng A

Date:

Se

6-14-77

- June 14, 1977

\




CorfRECTED cof

{207) 2734

CIIZIECAL O CEOLOCICAL LABORIATORTZS OF ALAGHA, I{iC.  TELEPHON

P.0. 60X 4-1276 ANCHORAGE, ALASKA 99509 4649 BUSINESS PARK BLVD.

ANALYTICAL REPORT

Water Analysis(Facility) Alaska Area Native Health Service

Date Collected: 3-31-78 Time Collected: ~——— By: P. Besaw

Source of Sample: Salena, Alaska  Well No. 2

Physical Qbservations, Remarks:___ Treatment: None Preservative: MNoge

[]=£%5 mg/1 Aluminum - [] 320 mmhos Conductivity 8 222 mg/1 Hardness as
T : . Caco
{] <0.0S ma/1 Arsenic {1 6.5 units pH (3 _200 mg/ A]ka?im’ty as
. : CaCo
0] mg/1 Barium 0 mg/1 Ammonia 0 mg/1 Acid%ty-‘:‘ as
. Nitrogen-N CaCo,
(1_____ g/l Boren (1 _____ mg/i Kjedahl (1 mg/% Acidity Free
Nitrogen-N as CaCO3
(1 mg/1 Cadmium 01 mg/1 Organic (] /100m] Coliform-T
: . Nitrogen-N
© {154 . mg/1 Calcium 0] mg/1 Nitrate(N) 0 /100m1 Coliform-F
0 mg/1 Copper {1_. mg/1 Nitrite(N) 0] /100m1 Strep-F
01 mg/1 Chromium-Total (] mg/1 Phosphorus 1 units Color
(Ortho)-P
0 mg/1 Chromium-Tri  [] mg/1 Phosphorus 0]
(Total)-p
0] mg/1 Chromium-Hex [J__ 2 mg/1 Chloride 0]

w2s  (6/5/73 phone cau)

P ma/1 Iron-Total (1 mgq/1 Fluoride

Transported by:
I3 mq/1 Ircn-Dissolved (] mq/1 Cyanide Received by:
01 mg/1 Lead . (] <1 mg/1 Sulfate Transported by:
Received by:
(112 mg/1 Magnesium 0] mq/1 Phena
[J__1.3  mg/l Manganese (1 __ma/1 M3SA FOR LAB USE ONLY
I mg/1 Mercury {1 mg/1 BOD Lab# 7638 Rec'd by: SE |
a ma/1 Nickel ] mg/1 COD _|Date sample rec'd:_ 4-5-78
<l mg/| Potassium (1_204 mg/1 TD Solids [Date analysis completed: 4-]4-72
[0____ mg/1 Selenium (] mg/1 TV Sclids |[Date results reported:__ 4-17-73
{J__2.4 mg/} Sodium 8] ~ mg/1 Suspended |Signed: ({e A’ 7 ‘/_Q_t____
U mg/l Silver ! mg/1 33‘%3%5 Date: April 19, 1978
11 mq/l Zinc {1 T Turbidity -

B I —

(=)



APPENDIX 5

Summary of USGS Ground Water Site Inventory Data
and selected well drillers’ logs and water-quality data for Galena

from U.S. Geological Survey village files

APPENDIX A-5
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U.S. DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

WATER RESOURCES DIVISION
Analyses by Geological Survey, United States Department of the Interior

9-268 q (parts per million)

Laboratory Number 5569 5567 5566 5568
Date of collection................ 10/1/5910/1/59/10/1/59| 10/1/59
Silica (S1032)- e v eneenennannnnnn. 42 43 37 40
Iron (Fe). v e, 2.8 0.17 5.2 0.07
Manganese (Mn). ................. 0.00 0.01{ 0.02 0.00

j

Calcium (Ca) o oo veeveiee e, o8 8.7 61 59 I
Magnesium (Mg) ................. 20 2.8 17 19 ‘
Sodium (Na) .............ccouun.. 2.9 | 122 3.6 3.4
Potassium (K) ..., ...ccoveeennnn.. 2.6 2.3 2.6 2.8
Carbon Dioxide (C02)...eieveno.s | 42 19 34 53
Bicarbonate (HCO3) oo vvovvvnnn... 265 507 =13 <66
Carbonate (CO3) . ..o v, 0 0 0 0
Sulfate (SO4) . vvvvii i, 2.0 3.0 2.0 1.0
Chloride (C1) ........ccvvuvunn.n. 3.0 30 8.5 2.5
Fluoride (F) .........c.covvnnn... 0.1 0.2 0.1 0.1
Nitrate (NOg)....... ... ... ..., 5.0 0.2 0.1 8.0 -
Dissolved solids

Calculated ..................... 268 363 271 267

Residue on evaporation at 180°C .
Hardnessas CaCOj; .............. 226 33 222 225
Noncarbonate hardness as CaCO;..| 10 0 0 7
Alkalinity as CaCOj;.............. 217 252 224 218
Specific conductance

(micromhos at 25°C)............ 420 548 428 430
PH .. 7.0 7.4 7.1 6.9
Color. . . i e e 20 10 4] 10

5569- - Galena Air Base, well #2, raw water.

5567 - Galena Air Base, treated water, collected in water treatment plant.
5566—~.Galena Air Base, well 1, chlorinated water (alert hanger well).
-5568: - Galena Air Base, well 3, raw water (fire station well).

i
b

Table .-- Chemical analyses of water from principal sources at Galena Air,
Force Base.

EEX 3 1.%

€




UNITED STATES DEPARTMENT OF THE INTERIOR

GEOLOGICAL

SURVEY

WATER ANALYSIS

2GwW

Location __ 5C7#nd 4B. Galene County _&th biwisfen
Source Yukca Depth (ft) Diam (in.)
Cased to (ft) Date drilled Point of coll. ____ &8t alert gell
Owner
Treatment __ YRtrestes Use
WBF WL Yield
Temp (°F) — T Ag ear. w oll.
Collected Emgu ’l%f By
Remarks
ppm epm ppm epm
Silica (SiO2) 3% Bicarbonate (HCO3) 266 .36
Aluminum (Al) Carbonate (CO3)
Iron (Fe) (dis) 0.03
H#anguneas (in) C.25 Sulfate (SO4) 1.0 0.02
Chloride (Cl) 045 0.01
Fluoride (F) 0.2 | 0.01
Calcium (Ca) 62 509
Magnesium (Mg) 15 1.27 Nitrate (NOj) ot 0.01
Sodium (Na) 2.? Cel2
Potassium (K) 1.7 [Cal4
Total 552 Total 451
ppm
Specific conductance
(micromhos at 25° C) 399
Dissolved solids;
Calculated 249 pH 7.1
Residue on evaporation at 180°C
Color 10
Hardness as CaCO; 218
Noncarbonate 0
Lab. No. Col ¢a35 Field No. Project




UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

WATER ANALYSIS

2GwW

Source Yuken Depth (ft) Diam (|n |
Cased to (ft) Date drilled Point of coll. _Uisper kitehen « Alert cell
Owner
Treatment _treats: watey Use
WBF WL Yield
Temp (°F) Appear. when coll.
Collected 1 Dogember 1961 By
Remarks
ppm epm ppm epm
Silica (SiO2) 13 Bicarbonate (HCO3) 276 | hes2
Aluminum (Al) Carbonate (CO3)
Iron (Fe) (ais) G.21
_Mengsnese (3n) 0.19 Sulfate (SO4) 1.0 | o.02
Chloride (Cl) la..O OQu
Fluoride (F) Cel G.01
228
Calcium (Ca) 55 | 2,25
Magnesium (Mg) 1% 1’_;; Nitrate (NOj3) Ouh 0.0}
Sodium {(Na) 29 1.26
Potassium (K) .6 0.02
Y .71 s
Total b 80 Total 567
ppm
Specitic conductance
{micromhos at 25° C) 403
Dissolved solids: L 26y
Colculated X&)‘ pH 8.2
Residue on evaporation at 180°C
Color a9
Hardness as CaCOj; 176
Noncarbonate -.;.
Lab. No. Col 6830 Field No. Project

(%)




UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

WATER ANALYSIS

Location __ 2Y7<Be aB3 - Colens

2GwW

County Lih Pivisiocn

Source Depth (ft) _______ Diam (in.)
Casedto (ft) _____ Date drilled Point of coll. i sater slent

: Owner
Treatment ___‘reated Use
WBF wL Yield
Temp (°F) — Appear. when coll.
Collected Legu aber 1961 By
Remarks

ppm epm ppm epm

Silica (SiO2) 37 Bicarbonate (HCO3) 512 S.11

Aluminum (Al) Carbonate (CO3)

Iron (Fe) (dis) G.76

Mabgenese (ian) 0.02 Sulfate (SO4) <0 0.0

Chloride (Cl) 6.5 C.18
Fluoride (F) Q.2 ¢.01

Calcium (Ca) 8 G52

Magnesium (Mg) 24 0.20 Nitrate (NO3) 1.1 G.02

Sodium (Na) 105 &e57

Potassium (K) 1.3 .05

Total Se22 Total 5.36

ppm
Specific conductance L65
(micromhos at 25° C)

Dissolved so<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>